INTRODUCTION
The use of medicinal plants and their extracts is a practice that dates back to centuries in human history (Ortencio, 1997) . According to the World Health Organization (WHO, 2004) , about 80% of the world population uses drugs that have therapeutic properties and are based on natural products (Mitscher et al., 1987; Chen et al., 2003) .
However, several medicinal plants are not as innocuous as they seem to be. During the evolutionary process, some plants developed natural defense mechanisms such as the synthesis of toxic and genotoxic chemicals against bacteria, fungi, insects, and animal attacks (Castro et al., 2004; Melo-Reis et al., 2011) . Many of these compounds were identified as mutagenic and carcinogenic and include flavonoids, hydrazines, furocoumarins, quinones, pyrrolizidine alkaloids, and theobromines (Ames, 1983; Khan et al., 2005) .
Some of the natural products that are used for human nutrition may be causative agents or potentiators of cancer, whereas some may act as anticarcinogenics (Borek,1991) . Several mutagenic and carcinogenic compounds are related to the formation of reactive oxygen species (ROS). ROS play a key role in degenerative processes such as DNA damage, mutations that are or are not related to cancer, heart disease, and aging (Mohan and Meltz,1994; Anderson et al., 1995) .
However, some plants produce substances with antimutagenic properties such as betacarotene (vitamin A), ascorbic acid (vitamin C), tocopherols (Vitamin E), polyphenols, sulfhydryl compounds, calcium, fibers, and many other compounds (Karakaya and Kavas, 1999; Chen et al., 2003; Hiramatsu et al., 2004) .
In Brazil, because of the high biodiversity of plant species, there is an increasing demand for natural resources (Castro et al., 2004) . In Brazil, among the various plants with therapeutic potential, Pterodon emarginatus Vogel (syn. Pterodon pubescens Benth) stands out. It is popularly known as sucupira, sucupira-branca, or faveira, and it belongs to the Fabaceae (Leguminosae) family and Faboideae subfamily. Sucupira is a native aromatic arboreal species distributed throughout the states of Goiás, Mato Grosso do Sul, Minas Gerais, and São Paulo in Brazil; it is grown in the Brazilian Cerrado. The seeds (fava beans) of the plant are extensively useful for medicinal purposes owing to their antirheumatic (Coelho et al., 2004) , analgesic (Coelho et al., 2005) , antimicrobial (Santos et al., 2010) , anticercariae (Mors et al., 1967) , and anti-inflammatory properties (Denny, 2002) . It is also used in the treatment of pharyngitis, bronchitis, and tonsillitis in humans. Dutra et al. (2009) shown that the diterpenes found in the oil of P. pubescens Benth fruits are effective in treating schistosomiasis. Thus, the bioactivity that is attributed to the fruit of this species is due to the presence of terpene compounds. The diterpenefuran-6-alpha-7-beta-hydroxy-vouacapan has anti-inflammatory effects on edema that is induced by carrageenan (Hansen et al., 2010) .
Since sucupira oil is widely used and its pharmacological and biological activities have been described in the literature, the present study aimed to assess the cytotoxic, genotoxic, and antigenotoxic activities of sucupira oil.
MATERIAL AND METHODS

P. emarginatus oil
Sucupira oil is extracted from the seed of P. emarginatus. It is viscous and bitter. Sucupira oil was purchased from a commercial vendor in the central market of Goiânia, Goiás. It was manufactured by Amazon Leve ® (lot No. 010/12; date of manufacture October 2012; expiration date after 2 years).
Animals
Twenty healthy male outbred mice of the species Mus musculus belonging to the Swiss Webster strain were used. The mice had an average ± standard deviation (SD) body weight (b.w.) of 25.0 ± 2.5 g, and they were 50 to 70 days old on the day of the experiment. The animals were placed in standard individual polypropylene cages with solid floors that were covered with sterilized wood chips according to international standards. The animals were housed in an environment with an average ± SD temperature of 24 ± 2°C and a relative humidity of 55 ± 5%. The light-dark cycle was 12 h:12 h, and water and food were available ad libitum.
Drugs and reagents
Mitomycin C (MMC; 5 mg; Bristol-Myers Squibb, New York, NY, USA; Lot No. 2.JO1299; Expiration date, May 12, 2014) was used to evaluate the antimutagenicity of the plant oil. Fetal bovine serum (Laborclin Products Laboratories, Paraná, Brazil) was used to set up a growth supplement for cell culture. For the negative control, 5 mL sterile distilled water was used.
Experimental design
In order to assess the mutagenicity of sucupira oil, doses of 100 mg/kg b.w. were administered by intraperitoneal (ip) injections to 5 animals each in every treatment group. The negative control group was treated with sterile distilled water, while the positive control group received an ip dose of 4 mg/kg MMC, a dose that corresponds to 80% of the median lethal dose of MMC. The mice were killed by cervical dislocation 24 h after administration of the oil.
In order to analyze antimutagenicity, four groups with five animals each were admin-©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (2): 6323-6329 (2015) istered ip 100 mg/kg b.w. sucupira oil and 4 mg/kg b.w. MMC. Cervical dislocations were performed 24 h after the treatment.
Following the cervical dislocation, the femurs were removed. The femoral epiphyses were cut, and the bone marrow was washed with 1 mL fetal bovine serum. After bone marrow homogenization, it was centrifuged at 300 g for 5 minutes. The supernatant was partially discarded. The cell pellet was homogenized, and a drop of cell suspension was transferred onto a microscope slide in order to perform a cell smear. After drying the slides, they were fixed in absolute methanol for 5 min and stained in Leishman stain solution for 15 min (Heddle, 1973) . The slides were then washed under running water and dried at room temperature. The cell smears and cell counts were performed by using a double-blind procedure.
Cytogenetic analysis
The analyses of the slides were performed with an ordinary optical Nikon microscope in order to detect possible changes and/or chromosomal loss (micronuclei) in polychromatic erythrocytes (PCE) from the bone marrow of animals subjected to the different treatments. The cells were visualized with an oil immersion objective (100X) and eye-piece (10X). Two microscope slides for each animal were used, and 1000 PCEs were evaluated in each slide. In order to evaluate cytotoxicity, we counted up to 1000 normochromatic erythrocytes (NCE) and the PCE/NCE ratio was determined according to Schmid (1975) .
Statistical analysis
In order to analyze mutagenicity, the frequencies of micronucleated polychromatic erythrocytes (MNPCE) in 1000 PCEs in each group were compared with those in the negative or positive control group by using analysis of variance, and each pair was compared with a Tukey test. P values less than 0.05 were considered to be statistically significant.
We evaluated cytotoxicity by analyzing the frequencies of PCEs and NCEs in each group treated with sucupira oil and compared them with the negative and positive control group with Chi-square tests. P values less than 0.05 were considered to be statistically significant.
RESULTS
The results of the cotreatment with sucupira oil and MMC are shown in Table 1 . No genotoxic or cytotoxic activity was observed. Mice treated with 100 mg/kg sucupira oil did not exhibit a significant difference in MNPCEs as compared to the negative control (P > 0.05), while a statistically significant difference in MNPCEs was found in the mice treated with 100 mg/kg sucupira oil as compared to the positive control (P < 0.05).
The PCE/NCE ratio in the mice treated with a dose of 100 mg/kg oil and 4 mg/kg MMC was not significantly different as compared to the ratio in the positive control group. However, there was a significant difference (P < 0.05) as compared to the ratio in the negative control group, as shown in Table 2 . 
DISCUSSION
Evaluation of the genotoxic activity of sucupira oil by the micronucleus test in the bone marrow of mice did not show an increased frequency of MNPCEs for the dose tested, as compared to the negative control group. This result indicated that the substance did not cause DNA damage (clastogenic action) or have aneugenic effects on the PCEs in the bone marrows of mice. These data corroborated the findings of other studies that have shown that high doses of sucupira oil resulted in no macroscopic changes in the body tissues of both humans and animals (Sabino et al., 1999; Coelho et al., 2004; Cardoso et al., 2008) . In a different study, the clastogenicity of sucupira oil was examined in vivo in the bone marrow cells of Wistar rats. The analysis of metaphase showed that the compound did not induce a significant increase in the frequency of chromosomal aberrations (Dias et al., 1995) .
The micronucleus assay that was applied in the present study allowed us to assess the cytotoxic effects by using the PCE/NCE ratio. The results indicated the non-cytotoxic effects of sucupira oil. The cotreatment of sucupira oil and MMC did not result in any differences when we compared the PCE/NCE ratio to that in the positive control group (P > 0.05). This result indicated that the cotreatment of 100 mg/kg sucupira oil did not reduce the cytotoxic effects of MMC. Sabino et al. (1999) have performed mutagenic and histopathological analyses and demonstrated the absence of any damage after the administration of acute doses of sucupira oil. However, studies regarding the effects of sucupira oil in several organisms have shown potential cytotoxic activities that are usually not mutagenic (Stammati et al., 1999; Bakkali et al., 2008; Dutra et al., 2012) . Dutra et al. (2012) have found that doses of 0.5 to 5.0 µg of Sucupira oil exhibit high toxicity in the crustacean Artemia salina and that these doses are 250 times more toxic as compared to thymol, which is a known toxic substance with a lethal dose of 1.63 mg/mL in A. salina.
Bioassays in brine shrimp and A. salina have shown strong cytotoxic activity of the oil in these models, and this effect was less intense in normal cells as compared to those in cancerous cells, suggesting a partial role in the inhibition of apoptosis pathways. It is noteworthy that ethylene oxide is an important compound of sucupira oil and is mainly responsible for this effect with a cellular influx of 47.0 µg/mL (Dutra et al., 2012) . A reference half maximal inhibitory concentration <10 mg/mL is considered highly toxic according to published guidelines, and it is therefore possible to deduce that this active compound indeed has high toxicity (Santos Pimenta et al., 2003; Dutra et al., 2008; Gad, 2009) .
The analysis of antimutagenicity in the present study showed that cotreatment with 100 mg/kg oil and 4mg/kg MMC had similar results as compared to the positive control group. There were no antimutagenic effects for the studied dose. This finding was consistent with the results of Sabino et al. (1999) .
However, our results differed from those of other studies that have shown a positive antimutagenesis effect of sucupira oil. The antiproliferative effects of sucupira oil have been evaluated both in cancers (rat glioma, colon carcinoma in mice, human breast cancer, human melanoma, among others) and in normal cell lines by using [3-(4.5-dimethylthiazol-2-yl)]-2-5-diphenyl tetrazolium-bromide assays based on cell viability, which indicated that doses between 24.9 and 47 µg/mL sucupira oil show cytotoxicity that is possibly caused by its active principles such as the diterpenoids (Dutra et al., 2012) .
However, other studies have not shown evidence of the toxic or carcinogenic effects of diterpenes in humans; diterpenes are one of the most important active compounds of sucupira oil (Arriaga et al., 2000) . In the United States, for example, most terpenes are defined as nontoxic by the Toxic Substance Control Act, the International Agency for Research on Cancer, and the National Toxicology Program (Missick, 1993) .
Based on the results of these studies, it is tempting to hypothesize that sucupira oil can modulate DNA damage in tumor cells without affecting normal cells. Researchers, however, have highlighted that further investigations are essential in order to achieve a better understanding of its effects on DNA damage such as examining its effects through p53, Bcl-2, Bax, cytochrome C, etc. or protein damage such as thioredoxin and glutathione, in cancer cells (Brown and Wouters, 1999; Dutra et al., 2009 Dutra et al., , 2012 .
CONCLUSIONS
According to the data presented in this study, we concluded that sucupira oil does not present cytotoxic, genotoxic, or antigenotoxic activities. However, other studies show contradictory results when an active principle of sucupira oil is analyzed alone. Therefore, further studies should be conducted to test both the oil and some of its active compounds.
